Blast injuries are becoming increasingly common in military conflicts as the nature of combat changes from conventional to asymmetrical warfare and counter-insurgency. This article describes a retrospective database review of cases from the UK joint theatre trauma registry from 2003 to 2009, containing details of over 3000 patients, mainly injured in Iraq and Afghanistan. During this period, 1678 patients were injured by explosion of whom 113 had evidence of blast lung injury. Of the 50 patients who survived to reach a medical facility, 80 per cent required ventilatory support. Injuries caused by explosion are increasing when compared with those caused by other mechanisms, and blast lung represents a significant clinical problem in a deployed military setting. Management of these patients should be optimized from point of wounding to definitive care.
INTRODUCTION
Returns are electronic (where deployed IT systems allow), with hard copy accompanying UK military patients evacuated to RCDM for definitive care. The default entry criterion for the UK JTTR is a casualty who triggers trauma team activation in a deployed field hospital or Primary Casualty Receiving Facility afloat. Trauma team activation criteria are described in figure 1 . The entry criteria were expanded in 2007 to include all trauma patients returned to RCDM for definitive treatment, irrespective of whether a trauma team response was mandated.
Primary blast injuries result from the effects of the shock wave of an explosion, which travels through the tissues depositing energy particularly where there is a gasliquid interface. Because of their air-filled alveoli and delicate vascular structure, the lungs are particularly vulnerable to this form of injury, the consequences of which are termed blast lung. The incidence and extent of primary blast injury depends on both the level of peak overpressure experienced and the duration of exposure. The magnitude of the peak overpressure diminishes exponentially (by an inverse cube relationship) with distance from the centre of the explosion, while fragments retain lethal energy for much greater distances. Consequently, in an open environment secondary injuries from fragments represent the principal mechanism of injury in the majority of casualties. However, with increasing effectiveness of body armour to protect against fragments, casualties can survive closer to the source of the explosion and hence are more likely to suffer primary blast injury.
Injury patterns have changed during the conflicts in which we have been engaged. Hostile forces have changed their tactics, from direct confrontation to guerrilla style warfare and ambush with an increase in the use of improvised explosive devices (IEDs) and mines. There has been evidence from previous studies that the ratio of gun shot wounds to wounds caused by explosion (blast injuries) has been steadily reducing [1] [2] [3] [4] [5] .
The aim of this study was to establish the epidemiology of blast injuries since the onset of hostilities in 2003 among patients presenting to UK field hospitals, and within the group injured as a result of explosion to establish the incidence of blast lung. From the overall database, filters were applied to limit the search to only those injured by explosive blast, then those with evidence of thoracic injury from blast. Finally, the search was limited to those with injury coding (using AIS 2005 military) of blast lung or pulmonary contusion caused by blast. All cases in the subsequent group were examined individually to ascertain if they had pulmonary blast injury. All thoracic injury categories were examined for relevant cases, but those with an obvious alternative cause for their thoracic injuries, such as penetrating cardiac wounds, were excluded from the analysis.
METHODS
Limits to the database search were applied sequentially:
-mechanism-explosion -thoracic injury -coded for blast lung or pulmonary contusion.
RESULTS
Overall during the study period there were 3109 cases in the JTTR, of whom 1678 suffered injuries as a result of an explosion. Of this group, 233 patients sustained thoracic injuries as a result of blast injury, and when the search was further limited to those coded as blast lung or pulmonary contusion the final study group was made up of 113 cases (figure 2 Fifty (44%) of these cases survived to reach a medical facility but 12 (24%) of the initial survivors died of their wounds.
Fourteen patients had evidence of severe hypoxia (oxygen saturation less than 92%) on arrival at a medical facility suggesting significant respiratory compromise early in the pre-hospital phase of their blast injury.
Of the 50 patients surviving to medical support, eight (16%) underwent rapid sequence induction of anaesthesia and intubation (RSI) pre-hospital (performed by the medical emergency response team, MERT), 25 (50%) underwent RSI in the emergency department (ED), seven (14%) were intubated and ventilated in the operating theatre and 10 (20%) did not require ventilatory support. The majority of those undergoing RSI and ventilation underwent surgery and were subsequently transferred for ongoing respiratory support to the intensive care unit (ICU). Many of these patients required surgery for other injuries sustained from secondary fragmentation injuries, particularly limb injuries.
DISCUSSION
This study highlights that injuries caused by explosion, and in particular blast lung, are an increasing problem for UK forces deployed overseas on military operations. There is a substantial fatality rate among those subjected to blast injury, which has led to calls for a review of the management of such patients and optimization of their treatment from point of wounding to critical care. This study indicates that blast injuries, and blast lung in particular, are proving to be a significant clinical issue for deployed UK field hospitals during the current conflict. By far the commonest cause of these explosions was the IED, which is being used more frequently by insurgents in Afghanistan in particular.
A comparison of cases from Iraq and Afghanistan shows that there were peaks of injuries caused by explosion in Iraq in 2007, and Afghanistan in 2009. The incidence of blast lung during the Iraq peak was 7.3 per cent. This figure is slightly higher than that quoted in a series of patients injured by explosions on recent US military operations, which showed an increase in the incidence of blast lung between 2003 and 2006 [6, 7] .
The incidence of injuries consistent with blast lung during the Afghanistan peak was found to be 11 per cent, showing an increase (from 7.3% in Iraq) although this was not statistically significant (p ¼ 0.31, Chi-squared test); this was twice that reported in a previous series [7] . Although it is impossible to ascribe a reason for this change, it is clear that the clinical burden is increasing, and that treatment strategies need to take this into account.
Following an explosion, the blast wave causes immediate lung injury, characterized by rupture of alveolar capillaries and subsequent intrapulmonary haemorrhage and oedema, similar to pulmonary Blast lung injury J. E. Smith 293 contusion from blunt chest trauma [8, 9] . The presence of free blood and haemoglobin in the alveoli leads to the formation of free radicals, oedema and an augmented early inflammatory response. This in turn leads to leucocyte accumulation and subsequently epithelial cell damage (at 12 -24 h), endothelial cell damage (24 -56 h) and the late oedema typical of adult respiratory distress syndrome (ARDS). Histological examination reveals prominent perivascular oedema and extensive alveolar haemorrhage during the first 12 h, and thereafter, epithelial cell damage with detachment from the basement membrane [10] . The extent of lung damage is related to the magnitude of the blast exposure, with effects ranging from subclinical microscopic petechiae to large areas of confluent frank haemorrhage.
Other pulmonary effects include pneumothorax or haemothorax (or a combination), which may occur due to the shearing force of the primary blast injury causing damage to the peripheral alveoli (causing pneumothorax) and pulmonary vessels (causing haemothorax). These complications may also be related to secondary or tertiary blast injury.
The clinical features of primary blast lung injury are shortness of breath, cough, haemoptysis, cyanosis and tachypnoea. Hypoxia is a universal finding, although this may develop later over the first few hours following injury, and may not be evident initially, as demonstrated by our findings that only 28 per cent had hypoxia at initial presentation.
Management of patients with blast lung is in the main supportive, with limited scope for mediation of symptoms caused by pulmonary haemorrhage. If patients survive the initial phase of injury, outcome has been reported as good, with 76 per cent of patients in one study reporting no symptoms at follow-up telephone interview [11] . Novel strategies for the management of blast lung are needed if these patients, who as demonstrated are becoming increasingly common in deployed medical units, are to be treated optimally.
Limitations of this study are evident from the method of data collection, and the problems with the definition of blast lung. The JTTR only captures those patients who have data submitted from the field hospitals, or who have post-mortem data from repatriation and coroners' post-mortem findings in the UK. No data are collected on civilians or other non-UK patients who die at scene or in the pre-hospital stages of their resuscitation, as post-mortem examination is not routinely carried out on this group of patients.
CONCLUSION
Blast injuries are an increasingly prevalent cause of considerable morbidity and mortality, particularly (although not exclusively) in the forward military environment. The sequelae of such injuries are being felt not only in Iraq and Afghanistan, but also in the hospitals in the UK that receive such patients through the evacuation chain. Priority should be given to optimizing management of these patients.
